This paper intended to explore the problem solving behavior (PSB) of people in design tasks through simulated design process for interior works using interactive genetic algorithm (IGA). Through analysis of people's problem solving process when evaluating the juxtaposed images, it was revealed that people tend to do what they are certain of firstly, and make harder decisions later. The strategy helps them to unfold the problem gradually. It was also found that people did not tend to move their eyes to a faraway image in the interface constantly, which is more convenient for them.
Introduction

Background and purpose
This research employed interactive genetic algorithm (IGA) interior work (IW) design system developed by the authors 1) to simulate the manual design process of people, and intended to explore people's problem solving behavior (PSB) in design tasks through analyses of the simulated design processes of 8 participants.
In the area of design methodology, the design activity was considered as a certain kind of PSB. As an important research theme, the phenomena of designer's PSB in design activities have been studied in many researches for decades. Peter Rowe 2) tried to clarify the designers' activities by presenting case studies and various theoretical positions on how design is done, including the associationism, the behaviourism, the information processing theories, and the constraints and their application in designing. Takamatsu (1997) 3) studied the whole design process of a practical architectural project through analysis of sketches and verbal report of the designer. Yokoyama (1999) 4) examined spatial design activities as a kind of problem-solving that accompanied drawing processes by the method of protocol analysis. The past studies had tackled the analysis of complex manual design processes, which varied greatly by subjects and conditions, so it is not easy to compare and analyze them to explore general PSB of designers. In order to provided a comparable and analyzable structure for objective analysis of PSB of design, the authors did not focus on the common design process, but employed a computer participated simulation of design process by the method of IGA, which was considered simplified and better-structured for quantitative analysis to explore designer's PSB.
IGA method is a good example of the computational device for design proposed by Mitchell (1990) 5) which allow computer to participate in the design process. The method tried to combine the advantage of human in subjective evaluation and that of computer in searching and optimization in a generate-and-test model 2) of design process to provide an interactive method of subjective design. In IGA process, the computer took the part of generating design candidates, and the designer's activities were simplified into just evaluating the group of design candidates provided by the computer. As the interactive process went on, some preferred designs could be achieved effectively. (Figure 1 ) It is known that the real design problems are usually ill-defined problems in which both the goals and the means for achieving them are unknown in their entirety 2) , and the designers define and redefine the design problem repeatedly by their own trial-and-error and abduction method.
In this research, since the repeated process of generating design alternatives by computer through evolutionary algorithm and rendering algorithm, and evaluating them by designers based on their own aesthetic ideas was 2) in common design, it could be considered as a simulated design process. This research intended to construct a simulated model of design activities by repeated generation and evaluation in the restricted problem space, and explore the PSB of testing in design process through quantitative analysis.
Past studies of IGA
IGA was the central method in this research, and had been applied in a wide range of subjective design problems in researches of recent years.
Aoki and Takagi (1997) 6) applied an interactive GA to three-dimensional CG lighting design. They found that the method effectively helped amateur designers, especially those with limited experience or capabilities.
Cheng and Kosorukoff (2004) 7) tried to compare the performance of the interactive GA (IGA) and human-based GA (HBGA, which introduced humanbased innovation operators in the IGA) in the problem of searching for a fixed goal. The HBGA was proved more efficient in solving such problem.
Huang, Matsushita and Munemoto (2006) 1) applied IGA to the design of IW to help Chinese residents, who were not design professionals, to conduct design of IW themselves. In the IGA IW design system, the problem space of design was defined by the combination of the parameters of color and texture of wall, ceiling, floor and so on, which were the main factors of IW of a typical Chinese apartment living room, and the designers' PSB of testing was restricted in the defined searching space. The IGA IW design system was proved effective for Chinese residents in a later research of Huang, Matsushita and Munemoto (2008) 8) , and was employed for simulation of design process in this research.
The above researches focused on the application and development of the IGA method, or tried to evaluate performance of it. Although some of the researches revealed differences in people's evaluation of the method, no research was found focused on the details of the people's PSB in the IGA process, which is also an important aspect in the interactive process of human and computer, and considered it as a simulation of manual design process of people.
Method
The IGA system of IW design
The IGA system of IW design developed by Huang et al. (2006) 1) was employed in this research. The living room of a typical apartment in Beijing was selected as the design objective. In order to make the experiment more effective, the design problem was simplified by providing daytime images only for evaluation. Six IW factors were involved in the IGA system, they were the material of ceiling, wall, floor, sofa, interior door, and that above the picture rail. In addition, Choices of material category and interior model were not provided to unify the experimental condition for comparison of PSB among participants.
The system of Huang et al. (2006) 1) was revised in the following ways:
1) A high resolution (1920x1200) wide screen LCD displayer was used in the experiment. The interface of the IGA system was extended to display 36 images simultaneously (Figure 2 ). The interface can now provide more than twice the images then the original one, and allow users to see more possibilities simultaneously and compare more effectively.
2) As the image number in the interface increased, the step numbers in each generation was reduced to 2, and the process flow was reorganized as shown in figure 3 . Because only 2 steps were used in each generation, the concept of "generation" and "step" did not differ greatly, especially for the research of user's PSB. In this research, they were not clearly distinguished from each other.
3) The selected images will be directly copied to the next generation, and randomly inserted among the new images.
By this way, the users would not lose any selected image, only if they gave it up.
4) Because of 3), part of the images will be the same for the consecutive generations, so the mutation rate was increased to balance this similarity and produce more variations.
The operations of the IGA system
The operation of the IGA system provided various possibilities of evaluating the images, and could influence the PSB of people. Huang et al. (2006) 1)
employed a "selection" method to simplify the evaluation. The user only needed to select images according to their aesthetic consideration, without giving specific scores to the images. In this experiment, since the image numbers was increased to 36, operation of the system was developed to make it easier.
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Individual: 36 In the IGA system, the user could left click on the image to select it as before, and the image would be marked by a circle. In addition, if they did not like an image, it could be removed (not displayed) from the interface by a right click on it ( Figure 4 ). By this operation the users could remove the images they did not like, and focused on the remained images. If they were not sure about removing the image, they could bring it back by another right click.
There were some display modes employed in the interface ( Figure 5 ). In a normal mode, images except the removed ones were displayed. If the users wanted to see all the images they had removed, they could select a mode of "display all images", which shows all 36 images, with the removed ones marked by a cross. Since the participants were required to choose an image as the best one among the selected images in each step, they can use another display mode of "display selected images only", and concentrate on the selected images for further compare.
The Experiment
Eleven Chinese speaking scholars and students had participated in this experiment. The experimental results of eight of them, including two architecture majored students, were selected for analysis. The experiment was carried out according to the following procedure:
Before the IGA process, the general instruction was given to the participants. They were told to select several images (usually 4 to 10) they thought were comparatively better among the 36 images and one of them as the best image in each step. After several steps, the images were expected to get close to their target image. The process can continue for as many steps as they wanted. If they thought that the design problem had been solved, or the images were not improved greatly for steps, and there was no need to continue any more, the process could be ended. Then the operation of the IGA system was introduced to the participants. The participants were told that these operations were provided for their convenience to select images as instructed, and they could choose to use or not use these operations.
Generally the processes of the 8 participants lasted for 9 to 11 steps, except two that lasted for 6 steps (08M, participant No. 08, male) and 15 steps (01M).
The IGA process of each participant generally lasted for 30 minutes to 45 minutes. Mouse movement and operation were recorded for analysis.
Analysis
In 97.6% of the steps, the participants firstly selected several images they thought were better, then after comparing among the selected ones, decided the best image at the end of the step. So each step was generally considered constituted by two phases, the first one was selecting some images, and the second one was selecting the best images of the step (Figure 7 ).
Sequence of the evaluation in the first phase
The 36 images of a certain step were placed randomly in the IGA interface, without being sorted by any properties of them. The mouse traces of the whole IGA process of 01M and 02M were shown in figure 8 as examples, which demonstrated that they had followed different spatial sequences when evaluating the images.
Generally, the 8 participants adopted two different types of spatial evaluation sequence (Figure 9 ). 01M and 08M generally checked the images one by one, from left to right and from top to bottom, although sometimes they would went back to evaluate an image which he had just passed. The other 6 participants did not follow such fixed sequence, but wandered around in the interface, and evaluated im� ages in a dynamic sequence. It was found that when tried to find the best image On the other hand, according to figure 10, the 6 participants who evaluated in dynamic sequence could be divided into 2 groups as follow.
02M, 03F, 04F and 07F usually removed some images at first, then selected and removed images alternatively. Figure 11 showed the comparison of distribution of the two operations along time sequence of the 4 participants, and it was found the operation of "remove" happened generally earlier than that of "select" (t-test significance of average time sequence of "remove" and "select" in each step was 02M: 0.031, 03F: 0.048, 04F: 0.000, 07F: 0.028).
This behavior suggested they were using the difference-reduction method, and tried to remove images that were too far away from their idea firstly.
On the other hand, the processes of 05M and 06M were found usually started with "select", and contained mainly "select", with some "remove" inserted in.
The sequences suggested that the "remove" operation was not so useful for them in the process. In fact, it was found 06M preferred strong colors and new ideas very much, so he could identify the images he wanted to select easily, and the other images might not be so disturbing for him. It could be assumed that the time span between two operations was mainly the time spent for making the decision of the next operation. The time span of each operation was obtained from the mouse operation record, except the first operation of each step, because it is hard to decide when the participants started to work on it. The time span for different operations of all participants along step was shown by Boxplot II provided by SPSS in figure 12.
Time span for each operation
It was found from the figure that in most steps the operation of "select" took longer time than that of "remove", (please refer to the t-test significance shown in bracket) which suggested the decision of "select" is more difficult for the participants than that of "remove". In fact, the participant 02M mentioned that "I was not sure about what I liked, but more certain about what I did not like." He also said "I made the decision of remove faster than that of select". In addition, no participant had ever used the display mode of "Display all images" in the experiment, which allowed the users to confirm again the images they had removed. The fact revealed that the participants were quite certain about the "remove" operation.
A general decreasing tendency in the time spans of the operations along step was also found in figure   12 , especially for "select". For the average time span of "select" in each step, the former 6 steps and later 5 steps showed a t-test result of t=3.30, df=9, p<0.01, which suggest they were significantly different. Comparison of t-test significance in former steps with that in step 10 and 11 shown in figure 12 also support this finding because it revealed reduced difference in time span of "select" and "remove" in later steps.
Since it was the first time for most participants to use the IGA system, they might get used to the system gradually as the process went on, and could evaluate the images faster. Another reason could be that in later steps, the images were getting similar to each other, and similar to the images shown in former steps, so the participant were familiar with them, and could make their decisions faster.
The selection of the best image
In the second phase, the participants chose one best image among the selected images in each step as instructed. Most participants used the display mode of "Display selected images only" in this phase. Some participants operated on (selected or removed) every image, so they entered the "Display selected images only" mode automatically. Usually, the participant will compare among the selected images for a while, and decided the best one ( Figure 7 ). Sometimes the participants could make the decision comparatively faster. From the participants' comment, it was revealed that in this kind of situation, they still had memory of the best image, so they could make the decision quickly.
It was noticed that the best image was often the first image being selected in the formal phase. Table 2 showed the position of the best image in the sequence of selected images along time. The participant 01M and 08M were not included in this analysis, because of the same reason in 4.1. Although the number of images selected by participants was 6.83 per step averagely, it was found that in 37.7% of all the steps, the best image was the first image selected, and in another 37.7% steps, it was the second or the third one selected.
The best image of a certain step was considered to be more appealing to the participant than the other selected images, the above phenomenon suggested that the participants tended to select images which were more appealing to them earlier than the other selected images.
The spatial sequence of operation
It was known that 01M and 08M evaluate images in the fixed sequence, so the next image operated on was always the one on the right side of the present one. But for the rest participants who employed dynamic sequences, were there any rules in the spatial sequence of their operation?
The distance between two consecutive images in the operation sequence was defined according to the concept of Moore neighborhood III , as shown in figure   13 . The image positions were achieved from the mouse operation record, and then the corresponding distances from the previous operated image were calculated. The left figure in figure 14 showed the relative frequency distribution of the distances of the experimental result of all participants except 01M and 08M. It could be found that the frequency decreased significantly along distance, which suggested that participants tended to choose an image which is nearer to the present one as the next one evaluated, and do not like to move his eyes to an image far away. Numbers show the distance from the present image Figure 13 . Definition of the distance from present image to the next image evaluated from the present image to the next image operated Step of IEC Time span of Operation [Second] Remove Select In order to provide a comparison, it was assumed that the sequence of images operated on was totally random. A computer program was used to generate a series of 20,000 random image positions (integers from 0 to 35), and the corresponding distances between two consecutive positions were calculated. The relative frequency distribution of the distance under the random assumption was shown in the right figure of figure 14. The peak of the distribution was at the distance of 3, which was significantly different from the experimental result. The comparison strongly supported the above findings.
Conclusions
Through the analyses on PSB within each step in the design process using IGA, it was found that the participants had adopted different method to finish the task of evaluating images within each step, but there were still common PSB in their activities.
According to participants comment and operation time span analysis, generally the participants were more certain about the decision of excluding disliked images (removing them from the interface) than selecting preferred ones, and many of them tended to remove first, and select later. On the other hand, when selecting images, the best image which was more appealing to the participant was often selected earlier. These phenomena suggested participants tend to make decisions which they are more certain about earlier, and try to figure out harder decisions later. This kind of PSB allows the design problem unfolds gradually.
The research also revealed that in the evaluation process, after evaluating a certain image, the participants tended to choose an image in the interface which was neighboring to the present one as the next image evaluated. The PSB suggested when making evaluation, people did not compare all images all the time.
On the contrary, they often concentrate on evaluating adjacent images. Although this strategy might result in inaccurate evaluation, they were more convenient and effective for people, since they not have to move their eyes to places far away constantly. Notes I. Radiance, developed by Lawrence Berkeley National Laboratory (http://radsite.lbl.gov/radiance/HOME.html)
II. Boxplot is a convenient way of graphically depicting the five-number summary, which consists of the smallest observation, lower quartile (Q1), median, upper quartile (Q3), and largest observation. The outliers were not shown in figures of this paper.
III.Moore neighborhood is used for the 8 cells surrounding a central cell on a two-dimensional square lattice in cellular automata. 
